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(54) Dynamo-electric machine 

(57) A staler winding includes a plurality of first to 
sixth winding sub-portions each having one turn. First 
serieS'Connected windings are fomned with the first, 
third, and fifth winding sub-portions connected in.series. 



Second series-connected windings are formed with the 
second, fourth, and sixth winding sub-portions connect- 
ed in series. Each of Winding phase groups for each 
phase is fornned with the first and second series-con- 
nected windings connected in parallel. 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to armature 
winding structures of dynamo-electric machines. In par- 
ticular, the present invention relates to a stator winding 
structure of an alternator, for example, an automotive io 
alternator to be mounted on an automotive vehicle, such 
as an automobile or a truck. 

[0002] The entire content of the basic Japanese Pat- 
ent Application from which the priority under the Con- 
vention is claimed in this application is hereby incorpo- is 
rated by reference into this application. 

2. Description of the Related Art 

[0003] In recent years, reduced sizes, increased out- 20 
puts, and improved quality have been increasingly re- 
quired of alternators. In order to obtain an increased out- 
put from an alternator reduced in size, it is important to 
distribute magnetic loading and electrical loading in a 
most appropriate manner and at a highest possible con- 
centration within a limited volume. 
[0004] The outputs of automotive alternators must be 
increased because of increasing vehicle loads while en- 
gine compartments become smaller, thereby reducing 
spaces for mounting the alternators. Also, there are re- 30 
quirements to reduce the noise of the automotive alter- 
nators which operate all the time for supplying electricity, 
the noise becoming relatively large with respect to the 
engine noise which has been reduced in response to 
the requirements to reduce the noise generated toward 35 
the outside and the inside of the vehicle compartments. 
The automotive alternators, which operate ail the time, 
are required to have a very high heat resistance be- 
cause of their severe operating thennal condition in 
which the alternators are heated by high Joule heat gen- 

rated by the output cunrent. 
[0005] In order to reduce the size and increase the 
output of an altemator, the resistance of a stator winding 
must be reduced, the space factor of electrical conduc- 
tors in magnetic circuits of the stator must be increased, «*5 
and the bridge portions (bridge portions outside a stator 
core are called coil ends) of the staler winding must be 
set in order and be concentrated. Furthermore, the re- 
quirements for heat resistance, reduced noise, and the 
like must be complied with. so 
[0006] A structure for reducing the resistance of wind- 
ings (heat loss), improving the space factor of electrical 
conductors, and lining up and concentration of coil ends 
was proposed disclosed in, for example. International 
Publication No. WO92/06527. in which short conductor 55 
segments having large cross-sections are used as elec- 
trical conductors of the stator winding. 
[0007] In an alternator of this type, the reduction of 



turns of the stator winding for each phase is effective for 
reducing the armature raction which causes decrease 
in the output in a high-rotation rang of, for example. 
2000 to 5000 rpm. Particularly, the turns can be reduced 
by reducing the number of electrical conductors re- 
ceived in a slot, by which the flatness ratio (the size of 
the sections of the conductors in the slot-depth direction 
divided by the size of the same in the slot-width direc- 
tion) of the electrical conductors increases. However, 
since short conductor segments formed in a U-shape by 
bending conductors having a rectangular section are 
used as the electrical conductors, it is difficult to form 
turn portions of the conductor segments as the flatness 
ratio of the electrical conductors increases. Therefore, 
it is necessary for reducing the turns for each phase of 
the stator winding to increase the number of the electri- 
cal conductors received in a slot so as to reduce the flat- 
ness ratio of the electrical conductors, thereby making 
the formation of the turn portions easy, and to connect 
in parallel the windings formed by connecting the elec- 
trical conductors. 

[0008] A technology is disclosed in, for example. Jap- 
anese Unexamined Patent Application Publication No. 
2000-92766, in which lap windings (loop windings) and 
wave windings each constructed by joining short con- 
ductor segments are connected in parallel to each other, 
thereby forming winding phase group for each phase of 
the stator winding. 

[0009] As shown in Fig, 1 9, the known stator winding 
include three types of conductor segments 311. 312. 
and 313 made of a conductor having a rectangular sec- 
tion and formed substantially in a U-shape. Each of the 
conductor segments 311 ,312, and 31 3 is inserted at the 
ends thereof in a pair of slots three slots apart (at a mag- 
netic pole pitch) from an end of each slot in the axial 
direction, and the ends of the conductor segments 31 1 , 
312, and 313 extending from the other end of the same 
slots are connected to each other by welding or the like, 
thereby forming a coil of windings in four turns around 
the stator core. In each slot, six conductors are disposed 
alongside each other in a radial direction of the stator 
core, the six conductors being two sets of in-slot-re- 
ceived portions 311a. 312a, and 313a of the conductor 
segments 311,312, and 313, respectively. The positions 
in each slot which are occupied by the six in-slot-re- 
ceived portions 311a, 312a, and 313a are hereinafter 
referred to as first address, second address, .... sixth ad- 
dress from the innermost toward outer positions in a ra- 
dial direction of the stator core. A turn portion 313b of 
the conductor segment 313 is covered by a turn portion 
312b oftheconductorsegment312, and the turn portion 
31 2b of the conductor segment 31 2 is covered by a turn 
portion 311b of the conductor segment 311 , at an axial 
end face of the stator core. 

[0010] At an axial end opposite to the axial end of the 
stator core at which the turn portions 311b, 312b, and 
313b protrud , an end 313c of the conductor segment 
313 extending from the third address of a slot is con- 
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nected to an end 313c of the other conductor segment 
313 extending from the fourth address of another slot 
three slots apart, thereby forming two winding sub-por- 
tions 301 and 303 each constructed with a wave wind- 
ing, each in one turn per slot. An end 311c of the con- 5 
ductor segment 311 extending from the first address of 
a slot is connected to an end 31 2c of the conductor seg- 
ment 312 extending from the second address of another 
slot three slots apart, and the end 31 2c of the conductor 
segment 312 extending from the fifth address of a slot io 
is connected to the end 31 1c of the conductor segment 
311 extending from the sixth address of another slot 
three slots apart, thereby forming two winding sub-por- 
tions 302 and 304 each constructed with a lap winding, 
each in two turns per slot. is 
[0011] As shown in Fig. 20, each of winding phase 
groups for three phases, each in six tums. is fonned by 
connecting in series the two winding sub-portions 301 
and 303, and the two winding sub-portions 302 and 304. 
In Fig. 21 , each of winding phase groups for each turn, 20 
each in three turns, is formed by connecting in series 
the winding sub-portion 301 and the winding sub-portion 
302, and the winding sub-portion 303 and the winding 
sub-portion 304, and connecting in parallel the series- 
connected winding sub-portions 301 and 302 and the 25 
series-connected winding sub-portions 303 and 304. 
Three sets of the winding phase groups thus formed are 
connected into an alternating connection, thereby form- 
ing a three-phase alternating winding constituting a sta- 
tor winding, the stator winding being connected to a rec- 30 
titter. 

[0012] The known stator winding of an automotive al- 
ternator are fornied in a manner such that three types 
of the conductor segments 311 , 31 2, and 31 3 are insert- 
ed in a pair of slot separated by a distance of one mag- 35 
netic-pole pitch from an end of the stator core so that 
the in-slot-received portions 311 a. 312a. and 313a over- 
lap each other and the ends of the conductor segments 
311 , 312, and 313 extending from the other end of the 
stator core are connected to each other. 40 
[0013] In the known stator winding formed as de- 
scribed above, the height of the coil ends of the stator 
winding at the end of the stator core 1 5 is increased, as 
shown in Fig. 22, whereby a problem has been found in 
that the alternator including the stator winding cannot ^s 
be reduced in size, and due to an increased resistance 
of the stator winding, heat loss becomes large, the heat 
generation increases at the stator winding, and the leak- 
age reactance at the coil ends increases, whereby the 
output cannot be increased. 50 
[0014] Since the turn portion 313b is covered by the 
turn portion 312b and the turn portion 312b is covered 
by the turn portion 311b, the exposure area of the coil 
ends of the stator winding at the end of the stator core 
15 is reduced, whereby the stator winding is not effi- ss 
ciently cooled. Therefore, the stator winding is heated 
up and the output cannot be increased. 
[0015] One set of three-phase alternating winding is 



mounted on the stator core having one slot per phase 
per pole, and the output thereof is rectified by one rec- 
tifier. That is, a small number of the turn portions extend- 
ing from the slots are disposed in the circumferential di- 
rection, whereby the cooling cannot be performed effi- 
ciently. Therefore, the stator winding are heated up and 
the output cannot be increased. The heat loss per one 
rectifying diode increases because only one rectifier is 
provided, the temperature rises, and an increased out- 
put is difficult to obtain. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, it is an object of the present inven- 
tion to provide a high-output dynamo-electric machine 
reduced in size and easy to manufacture, in which n- 
pairs of first wave windings and second wave windings 
are provided, the first wave windings being formed with 
a first winding wound in a wave-shape in one turn per 
slot and the second wave windings being fonmed with a 
second winding wound in a wave-shape in one turn per 
slot, the second winding being offset from the first wind- 
ing by an electrical angle of 180 degrees so as to be 
opposite to the first winding, and two sets of series-con- 
nected windings in n -turns are connected in parallel, 
each set of the series-connected windings including the 
first and second windings for each phase, which respec- 
tively include n-wires, connected in series. 
[0017] It is another object of the present invention to 
provide a high-output electrical rotating apparatus which 
includes two slots per pole per phase and a stator wind- 
ing including two sets of alternating winding, each set 
being fonned with the stator winding for each phase con- 
nected in an alternating connection so as to be rectified 
by one rectifier, whereby coil-end portions of the stator 
winding can be effectively cooled and the loss in rectifier 
diodes is reduced. 

[0018] According to an aspect of the present inven- 
tion, a dynamo-electric machine comprises: 

an amnature including an armature core provided 
with a plurality of slots extending in an axial direction 
of the armature core and disposed alongside each 
other in a circumferential direction of the armature 
core, and an anmature winding mounted in the slots 
provided on the armature core, 
wherein the armature winding comprises first wave- 
shaped windings and second wave-shaped wind- 
ings, the first wave-shaped windings comprising a 
number of first winding sub-portions each having 
one turn constructed by winding in a wave-shape a 
strand of wire so as to altemating occupy an inner 
layer and an outer layer in a slot-depth direction 
within the slots at intervals of a predetermined 
number of slots, the first winding sub-portions being 
disposed at a pitch of one slot from each other and 
being qual in numbertothepredetermin d number 
of slots, and the second wave-shaped windings 
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comprising a number of second winding sub-por- 
tions each having one turn constructed by winding 
in a wave-shape a strand of wire so as to alternating 
occupy an inner layer and an outer layer in a slot- 
depth direction within the slots at intervals of the 
predetemnined number of slots and so as to be in- 
versely wound and offset by an electrical angle of 
1 80 degree relative to the first winding sub-portions, 
iho second winding sub-portions being disposed at 
a pitch of one slot from each other and being equal 
in number to the predetemriined number of slots, 
whereby n-pairs (n represents a natural number) of 
the first wave-shaped windings and the second 
wave-shaped windings are disposed so as to ar- 
range alternately and in a row in-slot-received por- 
tions of the first winding sub-portions and in-slot- 
received ponions of the second winding sub-por- 
tions in the slot-depth direction within each of the 
slots; and 

wherein the armature winding includes winding 
phase groups for each phase, each of the winding 
phase groups comprising 2n windings composed of 
the first and second winding sub-portions disposed 
in a group of slots at Intervals of the predetermined 
number of the slots, two sets of the n windings being 
connected in series to form two series -connected 
windings each having n-turns, whereby the winding 
phase group is constructed by connecting the two 
series-connected windings in parallel. 

[0019] The two series-connected windings may com- 
prise first series-connected winding having n-turns 
formed by connecting in series the first winding sub-por- 
tions disposed in the group of slots and second series- 
connected winding having n-turns formed by connecting 
in series the second winding sub-portions disposed in 
the same group of slots as the group of the slots in which 
the first winding sub-portions are disposed. 
[0020] An expression n=2m-i-1 (m represents a natu- 
ral number) may be satisfied. 

[0021] The strand of wire may be a substantially U- 
shaped conductor segment, and each of the first wind- 
ing sub-portion and the second winding sub-portion may 
include a plurality of the conductor segments fonming a 
wave winding in one turn connected to each other at the 
open ends thereof, 

[0022] The strand of wire may be a continuous con- 
ductive wire, and each of the first winding sub-portion 
and the second winding sub-portion may include a sin- 
gle continuous conductive wire forming a wave winding 
in one turn. 

[0023] Each pair of the first wave-shaped windings 
and the second wave-shaped windings may be formed 
with individual wire assemblies including a plurality of 
the first winding sub-portions and a plurality of the sec- 
ond winding sub-portions. 

[0024] The strand of wire may be a conductor having 
a substantially circular cross-section. 



[0025] The two series-connected windings for each 
phase forming the armature winding may be connected 
to each other via a metallic terminal. 
[0026] The armature core may be a cylindrical stator 

5 core made of a laminated iron core, further the dynamo- 
electric machine may comprise a rotor forming N and S 
poles along the rotational periphery thereof, the rotor be- 
ing disposed at an inside of and coaxially with the stator 
core, and a fan unit fixed to the rotor at the axial ends 

10 thereof for applying cooling air to coil-end groups of the 
amnature winding by the rotation of the fan unit. 
[0027] The n-pairs of the first wave-shaped windings 
and the second wave-shaped windings may include pro- 
trusions thereof from the axiat ends of the stator core 

f ^ decreasing gradually toward the outside in the radial di- 
rections of the stator core. 

[0028] According to another aspect of the present in- 
vention, a dynamo-electric machine comprises: 

20 an armature including an armature core provided 
with a plurality of slots extending in an axial direction 
of the armature core and disposed alongside each 
other in a circumferential direction of the amnature 
core, and anmature winding mounted In the slots 

25 provided on the armature core, 

wherein two slots per pole per phase are formed In 
the armature core; 

wherein the armature winding comprises two alter- 
nating windings, each formed by connecting wind- 
30 ing phase groups for each phase into a alternating 
connection; 

wherein each of the winding phase groups for each 
phases isfonmed by connecting in parallel two wind- 
ings each having n-tums ( n represents a natural 

35 number), the windings being constructed by wind- 
ing a strand of wire In the armature core so as to 
dispose 2n in-slot-received portions of the strand of 
wire within each of the slots alongside each other 
in the slot-depth direction and so as to connect each 

40 in-slot-received portion in a first slots to other In- 
slot-received portions occupying addresses, In the 
slots individually separated from the first slot by a 
predetermined number of slots, differing in the slot- 
depth direction from that which is occupied by the 
In-slot-received portion In the first slot, at the outside 
of the slots; and 

wherein the individual alternating current outputs 
from the two altemating windings are rectified by 
first and second rectifiers, respectively, and output- 
50 ted by being combined with each other. 

[0029] N-rows of coil ends, each coil end being 
formed by connecting the in -slot-received portion in the 
first slots to the other in-slot-received portion occupying 
55 addresses, in the slots individually separated from the 
first slot by the predetermined number of slots, differing 
in the slot-depth direction from that which is occupied 
by the in-slot-received portion in the first slot, may be 
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formed at at least one of the axial ends of the armature 
core, and the protrusion, in the axial direction, of the n- 
rows of the coil ends may be decreases gradually to- 
ward the outside in the radial direction of the armature 
core. 

[0030] N-rows of coil ends, each coll end being 
formed by connecting the in-slot-received portion in the 
first slots to the other in-slot-received portion occupying 
addresses, in the slots individually separated from the 
first slot by the predetermined number of slots, differing 
in the slot-depth direction from that which is occupied 
by the in-slot-received portion in the first slot, may be 
formed at at least one of the axial ends of the armature 
core, and the coil ends in the n-rows may be arranged 
substantially evenly in the circumferential direction of 
the amnature core. 

[0031] Coil ends, each being formed by connecting 
the in-slot-received portion in the first slots to the other 
in-slot-received portion occupying addresses, in the 
slots individually separated from the first slot by the pre- 
determined number of slots, differing in the slot-depth 
direction from that which is occupied by the in-slot- re- 
ceived portion in the first slot, may be stacked up in n- 
layers in the axial direction of the armature core at at 
least one of the axial ends of the armature core, and the 
coil ends in the n-layers may be arranged substantially 
evenly in the circumferential direction of the armature 
core. 

[0032] Each strand of wire may be formed with sub- 
stantially U-shaped conductor segments. 
[0033] Each strand of wire may be formed with a con- 
tinuous conductive wire. 

[0034] An insulating resin may be disposed at at least 
one of the axial ends of the amriature core and between 
the two windings each having n-turns forming the wind- 
ing phase groups for each phase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] 

Fig. 1 is a sectional view of an automotive alternator 
according to a first embodiment of the present in- 
vention; 

Fig. 2 is an end view of a stator of the automotive 
alternator according to the first embodiment of the 
present invention; 

Fig. 3 is a perspective view of the stator of the au- 
tomotive alternator according to the first embodi- 
ment of the present invention; 
Fig. 4 is an end view from the rear side of a stator 
winding of the automotive alternator according to 
the first embodiment of the present invention, show- 
ing the connections for one phase; 
Fig. 5 is a block diagram of a circuit of the automo- 
tive alternator according to th first embodiment of 
the present invention; 

Fig. 6 is a perspective view of the stator of the au- 



tomotive alternator according to the first embodi- 
ment of the present invention, on which metallic ter- 
minals are mounted; 

Fig. 7 is a perspective view of a critical portion of a 
5 strand of wire fomning the stator winding used in the 

automotive alternator according to the first embod- 
iment of the present invention; 
Fig. 8 is an illustration of the disposition of the 
strands of wire fomning the stator winding used in 
10 the automotive alternator according to the first em- 
bodiment of the present invention; 
Fig. 9A is an end view of a winding assembly form- 
ing the stator winding used in the automotive alter- 
nator according to the first embodiment of the 
^5 present invention; 

Fig. 9B is a plan view of the winding assembly 
shown in Fig. 9A; 

Fig. 1 0 is a perspective view showing the disposi- 
tion of strands of wire forming a stator winding used 

20 in an automotive alternator according to a second 
embodiment of the present invention; 
Fig. 11 is a perspective view of a stator of the auto- 
motive alternator according to the second embodi- 
ment of the present invention; 

25 Fig. 12 is a perspective view of a critical portion of 

a strand of wire forming a stator winding of an au- 
tomotive alternator according to a third embodiment 
of the present invention; 

Fig. 13 is a sectional view of a critical portion of a 
30 stator used in an automotive altemator according to 
a fourth embodiment of the present invention; 
Fig. 1 4 is a sectional view of a critical portion of a 
stator used in an automotive altemator according to 
a fifth embodiment of the present invention; 
35 Fig. 15 is an end view of a stator used in an auto- 
motive alternator according to a sixth embodiment 
of the present invention; 

Fig. 1 6 is a perspective view of the disposition of 
strands of wire forming a stator winding used in an 

^0 automotive alternator according to a seventh em- 
bodiment of the present invention; 
Fig. 1 7 is a sectional view of a critical portion of a 
stator used in the automotive alternator according 
to the seventh embodiment of the present invention ; 

^5 Fig. 1 8 is a block diagram of a circuit of the auto- 
motive alternator according to the seventh embod- 
iment of the present invention; 
Fig. 1 9 is a perspective view showing the disposi- 
tion of strands of wire forming a stator winding used 

50 in a known automotive alternator; 

Fig. 20 is an illustration shdwing series connections 
of the stator winding used in the known automotive 
alternator; 

Fig. 21 is an illustration showing parallel connec- 
ts tions of the stator windings used in the known au- 
tomotive alternator; and 

Fig. 22 is a sectional view of a critical portion of a 
stator used in the known automotive alternator. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] Embodiments according to the present inven- 
tion are described below with reference to the drawings. 5 

First Embodinnent 

[0037] Fig. 1 is a sectional view of an automotive al- 
ternator according to a first embodiment of the present io 
invention. Figs. 2 and 3 are an end view and a perspec- 
tive view, respectively, of a stator of the automotive al- 
ternator according to the first embodiment of the present 
invention. Fig. 4 is an end view from the rear side of a 
stator winding of the automotive alternator according to is 
the first embodiment of the present invention, showing 
the connections for one phase. Fig. 5 is a block diagram 
of a circuit of the automotive alternator according to the 
first embodiment of the present invention. Fig, 6 is a per- 
spective view of the stator of the automotive alternator 20 
according to the first embodiment of the present inven- 
tion, on which metallic terminals are mounted. Fig. 7 is 
a perspective view of a critical portion of a strand of wire 
forming the stator winding used in the automotive alter- 
nator according to the first embodiment of the present 25 
invention. Fig. 8 is an illustration of the disposition of the 
strands of wire forming the stator winding used in the 
automotive alternator according to the first embodiment 
of the present invention. Figs. 9A and 98 are an end 
view and a plan view, respectively, of a winding assem- 30 
biy forming the stator winding used in the automotive 
alt mator according to the first embodiment of the 
present invention. In Figs. 2 and 3, lead wires and the 
like are omitted. In Fig. 4, wires at the rear side are 
shown by continuous lines and wires at the front side 35 
are shown by dotted lines. 

[0038] The automotive alternator shown in Fig. 1 in- 
cludes a Lundell-type rotor 7 rotatably supported by a 
shaft 6 in a case 3 formed with aluminum front bracket 
1 and rear bracket 2. A stator 8 serving as an armature 40 
is fixed to the inner wall of the case 3 so as to cover the 
rotor 7 serving as a field at the periphery of the rotor 7, 
[0039] The shaft 6 is rotatably supported by the front 
bracket 1 and the rear bracket 2. A pulley 4 is fixed to 
the shaft 6 at one end thereof, for transmitting the rota- 
tional torque of an engine to the shaft 6 via a belt (not 
shown). 

[0040] Slip rings 9 for feeding current are fixed to the 
other end of the shaft 6. A pair of brushes 10 are re- 
ceived in a brush holder 1 1 disposed in the case 3. The so 
pair of brushes 10 are held in contact with the slip rings 
9 so as to slide thereon. A regulator 18 for regulating 
alternating voltage generated at the stator 8 is connect- 
ed to a heat sink 17 coupled with the brush holder 11. 
Rectifiers 1 2 for rectifying alternating current generated 55 
at the stator 8 into direct current are mounted in the case 
3] the rectifiers 12 being electrically connected to the 
stator 8. 



[0041] The rotor 7 includes a rotor coil 13 for gener- 
ating magnetic flux on passage of electric current, and 
a pair of pole cores 20 and 21 disposed so as to cover 
the rotor coil 13, magnetic poles being formed in the pole 
cores 20 and 21 by the magnetic flux generated in the 
rotor coil 13. The pair of iron pole cores 20 and 21 in- 
clude eight claw-shaped magnetic poles 22 and eight 
claw-shaped magnetic poles 23 around the peripheries 
of the pole cores 20 and 21, respectively, protruding 
therefrom and disposed at the same angular distance 
from each other in the circumferential directions of the 
respective pole cores 20 and 21 . The pair of pole cores 
20 and 21 are fastened to the shaft 6 facing each other 
such that the claw-shaped magnetic poles 22 and 23 
intermesh. A fan unit 5 is fixed to the rotor 7 at the axial 
ends thereof. 

[0042] Intake openings la and 2a are fomned in the 
front bracket 1 and the rear bracket 2, respectively, at 
each axial end face. Discharge openings lb and two 
outlets 2b are fomned in two outer circumferential shoul- 
der portions of the front bracket 1 and the rear bracket 
2, opposite the radial outside of the front-end and rear- 
end coil-end groups 1 6f and 1 6r of a stator winding 1 6, 
the coil-end groups 1 6f and 1 6r being disposed at the 
front side and the rear side, respectively, of the stator 
winding 16. 

[0043] In Figs. 2 and 3, the stator 8 includes a cylin- 
drical stator core 15, made of laminated iron, provided 
with a plurality of slots 1 5a formed extending in the axial 
direction at a predetenmined pitch in the circumferential 
direction, the stator winding 18 mounted on the stator 
core 15, and insulators 19 disposed in the slots 15a for 
electrically insulating the stator winding 1 6 from the sta- 
tor core 15. The stator winding 16 includes a plurality of 
winding sub-portions in each which one strand of wire 
30 is bent back outside the slots 15a at end surfaces of 
the stator core 15 and wound in a wave-shape so as to 
alternately occupy an inner layer and an outer layer in 
a slot-depth direction within slots 15a at intervals of a 
predetenmined number of slots (the interval equals a 
magnetic pole pitch). The stator core 1 5 is provided with 
ninety-six slots 15a at the same distance from each oth- 
er so as to receive two sets of a three-phase alternating 
winding corresponding to the number of the magnetic 
poles which is 16. That is, two slots per pole per phase 
make the total number of slots of 96. For example, a 
long copper wire having a rectangular cross-section and 
coated with an insulating film 49 is used as the strand 
of wire 30. 

[0044] The winding configuration of a winding phase 
group 161 for each phase is described below with ref- 
erence to Fig. 4. 

[0045] The winding phase group 161 for each phase 
include first to sixth winding sub-portions 31 to 36. each 
winding sub-portion being formed with one strand of 
wire 30. The first winding sub-portion 31 is formed in a 
manner such that one strand of wire 30 is wound in a 
wave-shape into every sixth slots from slot number 1 to 
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91 so as to alternately occupy a first position from an 
inner circumferential side (hereinafter, referred to as a 
first address) and a second position from the inner cir- 
cumferential side (hereinafter, referred to as a second 
address) inside the slots 15a, and the both ends of the 
strand of wire 30 are connected to each other, thereby 
fonming the wave-shaped winding sub-portion in one 
turn. The second winding sub-portion 32 is formed in a 
manner such that one strand of wire 30 is wound in a 
wave-shape into every sixth slots from slot number 1 to 
91 so as to alternately occupy the second address and 
the first address inside the slots 15a, and the both ends 
of the strand of wire 30 are connected to each other, 
thereby forming the wave-shaped winding sub-portion 
in one turn. The third winding sub-portion 33 is formed 
in a manner such that one strand of wire 30 is wound in 
a wave-shape into every sixth slots from slot number 1 
to 91 so as to alternately occupy a third position from an 
inner circumferential side (hereinafter, referred to as a 
third address) and a fourth position from the inner cir- 
cumferential side (hereinafter, referred to as a fourth ad- 
dress) inside the slots 15a, and the both ends of the 
strand of wire 30 are connected to each other, thereby 
forming the wave-shaped winding sub-portion in one 
turn. The fourth winding sub-portion 34 is formed in a 
manner such that one strand of wire 30 is wound in a 
wave-shape into every sixth slots from slot number 1 to 
91 so as to alternately occupy the fourth address and 
the third address inside the slots 1 5a. and the both ends 
of the strand of wire 30 are connected to each other, 
thereby forming the wave-shaped winding sub-portion 
in one turn. The fifth winding sub-portion 35 is formed 
in a manner such that one strand of wire 30 is wound in 
a wave-shape into every sixth slots from slot number 1 
to 91 so as to alternately occupy a fifth position from an 
inner circumferential side (hereinafter, referred to as a 
fifth address) and a sixth position from the inner circum- 
ferential side (hereinafter, referred to as a sixth address) 
inside the slots 15a, and the both ends of the strand of 
wire 30 are connected to each other, thereby forming 
the wave-shaped winding sub-portion in one turn. The 
sixth winding sub-portion 36 is formed in a manner such 
that one strand of wire 30 is wound in a wave-shape into 
every sixth slots from slot number 1 to 91 so as to alter- 
nately occupy the sixth address and the fifth address 
inside the slots 15a, and the both ends of the strand of 
wire 30 are connected to each other, thereby forming 
the wave-shaped winding sub-portion in one turn. The 
strands of wire 30 are arranged to line up a row of six 
strands within each slots 1 5a with the longitudinal direc- 
tion of their rectangular cross sections aligned in a redial 
direction. 

[0046] Portions of the strands of wire 30 of the sec- 
ond, fourth, and sixth winding sub-portions 32, 34, and 
36 extending from slot numbers 61 and 67 at an end 
face of the stator core 1 5 are cut, and portions of the 
strands of wire 30 of th first, third, and fifth winding sub- 
portions 31 , 33, and 35 extending from slot numbers 67 



and 73 at the end face of the stator core 15 are cut. Then, 
a cut end 31a of the first winding sub-portion 31 and a 
cut end 33b of the third winding sub-portion 33 are con- 
nected. A cut end 33a of the third winding sub-portion 

5 33 and. a cut end 35b of the fifth winding sub-portion are 
connected. Thus, a first series-connected winding 162a 
in three turns are formed with the first, third, and fifth 
winding sub-portions 31 , 33, and 35 connected to each 
other in series. In the same manner, a cut end 32a of 

10 the second winding sub-portion 32 and a cut end 34b of 
the fourth winding sub-portion 34 are connected. A cut 
end 34a of the fourth winding sub-portion 34 and a cut 
end 36b of the sixth winding sub-portion are connected. 
Thus, a second series-connected winding 1 62b in three 

15 turns are formed with the second, fourth, and sixth wind- 
ing sub-portions 32, 34, and 36 connected to each other 
in series. Then, a cut end 31b of the first winding sub- 
portion 31 and a cut end 36a of the sixth winding sub- 
portion 36 are connected, and a cut end 32b of the sec- 

20 ond winding sub-portion 32 and a cut end 35a of the fifth 
winding sub-portion are connected. Thus, the first and 
second series-connected windings 162a and 162b, 
each in three turns, are connected in parallel, thereby 
forming the winding phase group 161 for one phase. 

25 [0047] The connected portion of the cut ends 31b and 
36a of the first and sixth winding sub-portions 31 and 36 
serves as a neutral point N. The connected portion of 
the cut ends 32b and 35a of the second and fifth winding 
sub-portions 32 and 35 serves as a lead wire O. 

30 [0048] In the same manner, other five sets of six wind- 
ing sub-portions are disposed, each set in every sixth 
slot 15a being offset from the other by one slot. Thus, 
six sets of the winding phase group 161 , each for one 
phase, are formed. In Fig. 5, three sets of winding phase 

35 group 161 connected in a star connection form one set 
of three-phase alternating winding 160. Two sets of the 
three-phase alternating winding 160 are individually 
connected to rectifiers 12. The direct-current outputs 
from the rectifiers 1 2 are combined by being connected 

^0 in parallel. 

[0049] Each strand of wire 30 constituting the first to 
sixth winding sub-portions 31 to 36 is wound in a wave- 
shape in a manner such that the strand of wire 30 ex- 
tends from one of the slots 15a at an end face of the 
stator core 1 5, is folded back outside the slots 1 5a and 
Is inserted In another slot 1 5a disposed away across five 
slots 1 5a therebetween. Each strand of wire 30 is wound 
so as to occupy alternately the inner layer and the outer 
layer with respect to the slot-depth direction (radial dl- 

50 rection) in every sixth slot. 

[0050] The strand of wire 30 extend outwards from 
each of the slots 15a at the end faces of the stator core 
15 and is folded back to form turn portions 30a served 
as coil ends. The turn portions 30a which are formed 

55 into substantially the same shape at both ends of the 
stator 15 are mutually spaced circumferentially and ra- 
dially, and arranged neatly in three rows circumferential- 
ly. to form coil-end groups 16f and 16r. 
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[0051 ] The winding structure of a stator winding 1 6 by 
using a metallic temninal is described below with refer- 
ence to Figs. 4 to 6. 

[0052] A metallic terminal 50 includes a phase-a lead 
wire 51a. a phase-b lead wire 51b, a phase-c lead wire 
51c, and a neutral-point lead wire 52 are fomned inte- 
grally with each other via an insulative resin 53. The 
phase-a lead wire 51a includes connection tabs 51 a^ 
and 51 a2 formed integrally therewith. The phase-b lead 
wire 51b includes connection tabs 51 b^ and 51 b^ 
fomned integrally therewith. The phase-c lead wire 51c 
includesconnectiontabs51c^ and 51C2fonned integral- 
ly therewith. The neutral-point lead wire 52 includes con- 
nection tabs 52a^, 52a2. 52b^, 52b2, 52c.,. and 52c2 
formed integrally therewith. 

[0053] The fifth and second winding sub-portions 35 
and 32 constituting the winding phase group 161 for 
phase a are welded to the connection tabs 51a., and 

51 a2. respectively, at the cut ends 35a and 32b. respec- 
tively. The first and sixth winding sub-portions 31 and 
36 constituting the winding phase group 161 for phase 
a are welded to the connection tabs 52a.| and 52a2. re- 
spectively, at the cut ends 31b and 36a, respectively. 
The fifth and second winding sub-portions 35 and 32 
constituting the winding phase group 161 for phase b 
are welded to the connection tabs 51b., and 51 b2, re- 
spectively, at the cut ends 35a and 32b, respectively. 
The first and sixth winding sub-portions 31 and 36 con- 
stituting the winding phase group 161 for phase b are 
welded to the connection tabs 52b., and 52b2, respec- 
tively, at the cut ends 31b and 36a, respectively. The 
fifth and second winding sub-portions 35 and 32 consti- 
tuting the winding phase group 1 61 for phase c are weld- 
ed to the connection tabs 51c^ and 51c2, respectively, 
at the cut ends 35a and 32b, respectively. The first and 
sixth winding sub-portions 31 and 36 constituting the 
winding phase group 1 61 for phase c are welded to the 
connection tabs 520^ and 52c2. respectively, at the cut 
ends 31b and 36a, respectively. 

[0054] The winding phase groups 161 for each phase 
are formed by connecting in parallel the first series-con- 
nected windings 162a including the first, third, and fifth 
winding sub-portions 31 . 33, and 35 connected in series 
and the second series-connected windings 1 62b includ- 
ing the second, fourth, and sixth winding sub-portions 
32, 34, and 36 connected In series. Each neutral point 
of the winding phase groups 161 for each phase is con- 
nected to the neutral-point lead wire 52, and three sets 
of winding phase group 161 are connected into an al- 
t mating connection (into a star connection), thereby 
forming the three-phase altemating winding 160. The 
phase-a lead wire 51a, the phase-b lead wire 61b, the 
phase-c lead wire 51c. and the neutral-point lead wire 

52 of each metallic terminal 50 are connected to the rec- 
tifier 1 2, whereby the configuration of a circuit shown in 
Fig. 5 is obtained. 

[0055] Each of the first to sixth winding sub-portions 
31 to 36 Is constructed by winding the strand of wire 30 



in a wave-shape so as to occupy alternately the inner 
layer and the outer layer In the slot-depth direction in 
every sixth slot 1 5a. The second, fourth, and sixth wind- 
ing sub-portions 32, 34. and 36 are inversely wound and 

5 offset by an electrical angle of 1 80 degrees relative to 
the first, third, and fifth winding sub-portions 31 . 33. and 
35. respectively. The stator winding 16 thus fonned has 
the same configuration as that in which three pairs of 
first wave-shaped winding groups constructed with the 

10 first winding sub-portions 31 and second wave-shaped 
winding groups constructed with the second winding 
sub-portions 32 are disposed so as to stack up in the 
radial direction of the stator core 15, each pair forming 
coaxial circles having different radius from each other 

IS around the stator core 1 5. Each pair of the first wave- 
shaped winding groups and the second wave-shaped 
winding groups are fomned with a winding assembly 
constructed by knitting together twelve conductive wires 
30 in a wave-shape. 

20 [0056] The configuration of the winding assembly Is 
described below with reference to Figs. 7 to 9. 
[0057] Fig. 7 is a perspective view of a critical portion 
of a strand of wire forming the stator winding used in the 
automotive alternator. Fig. 8 is an illustration of the dis- 

25 position of the strands of wire forming the stator winding 
used in the automotive alternator. Fig. 9A is an end view 
of the winding assembly forming the stator winding used 
in the automotive alternator, and Fig. 9B is a plan view 
of the same. 

30 [0058] The strand of wire 30 is made of a continuous 
copper wire having a rectangular section and coated 
with an insulative film 49. The strand of wire 30, as 
shown in Fig. 7. is formed by bending it into a planar 
pattern In which straight portions 30b as In-slot-received 

35 portions connected by turn portions 30a are lined up at 
a pitch of six slots (6p). Adjacent straight portions 30b 
are offset alternately by a distance equal to one width 
(w) of the strands of wire 30 by means of the turn por- 
tions 30a. 

40 [0059] In Fig. 8, two strands of wire 30 formed in such 
a pattern are overlapped the straight portions 30b each 
other by beirrg offset by a pitch of six slots, thereby form- 
ing a wire-strand pair. The wire-strand pair corresponds 
to a pair of the first and second winding sub-portions 31 

45 and 32. 

[0060] A winding assembly 39 shown in Figs. 9A and 
9B is constructed by arranging six wire-strand pair so 
as to be offset by a pitch of one slot from each other. Six 
ends of the strands of wire 30 extend at each side of 
50 each end of the winding assembly 39. The tum portions 
30a are arranged so as to line up in rows on the sides 
of the winding assembly 39. 

[0061] Three winding assemblies 39 thus arranged 
are mounted so as to stack up within slots 1 5a of a stator 
55 core 15, thereby forming a stator before wire-connec- 
tion. The ends of the strands of wire 30 are connected 
on the basis of the connecting meth d shown in Fig. 4 
to obtain the stator winding 16. 



8 

INSDOCIO: <eP 1l796eOA2 I > 



15 



EP 1 179 880 A2 



16 



[0062] In the i^utomotive alternator thus formed, when 
electrical current is supplied from a battery (not shown) 
to the rotor coil 13 via the brushes 10 and the slip rings 
9. the magnetic flux is general d. By the magnetic flux, 
the claw-shaped magnetic poles 22 of the pole core 20 5 
are magnetized with north-seeking (N) poles, and the 
claw-shaped magnetic poles 23 of the pole core 21 are 
magnetized with south-seeking (S) poles. When the ro- 
tational torque from the engine is transmitted to the shaft 
6 via a belt and the pulley 4, thereby rotating the rotor io 
7, a rotational magnetic field is applied to the stator wind- 
ing 16 and an electromotive force is generated in the 
stator winding 16. The alternating electromotive force 
passes through the rectifiers 12 and is thereby convert- 
ed into direct current. The output voltage from the rec- '5 
tifiers 12 is regulated by the regulator 1 8, and the battery 
is charged. 

[0063] At the rear side of the alternator, the fan unit 5 
applies external air to a heat sink of the rectifiers 12 and 
the heat sink 17 of the regulator 18 through the intake 
openings 2a disposed opposing to the heat sink of the 
rectifiers 1 2 and the heat sink 1 7, respectively, whereby 
the air flows along the shaft 6 and cools the rectifiers 12 
and the regulator 1 8. Thereafter, the air path is bent to- 
ward the outside in the radial directions by the fan unrt 
5, and the air cools the coil-end group 16r at the rear 
side of the stator winding 1 6 and is discharged through 
the discharge openings 2b. At the front side of the alter- 
nator, the fan units draws the external air along the shaft 
6 through the intake openings la. Then, the air path is 30 
bent toward the outside in the radial directions by the 
fan unit 5, and the air cools the coil-end group 16f at the 
front side of the stator winding 16 and is discharged 
through the discharge openings lb. 

[0064] According to the first embodiment, the stator 3S 
winding 16 includes two three-phase alternating wind- 
ings 1 60, each of the three-phase alternating windings 
1 60 including three winding phase groups 1 61 connect- 
ed into an alternating connection. Each set of the wind- 
ing phase group 161 includes the first to sixth winding 
sub-portions 31 to 36. The strand of wire 30 fomnlng the 
first winding sub-portion 31 is wound in one turn in a 
wave-shape so as to occupy altematety the first address 
and the second address in every sixth slot 15a. That is, 
the first winding sub-portion 31 includes the strand of 
wir 30 wound in one turn in a wave-shape so as to oc- 
cupy alternately the inner layer and the outer layer in the 
slot-depth direction in one slot 15a at intervals of six 
slots. The second winding sub-portion 32 includes the 
strand of wire 30 wound in one turn in a wave-shape so so 
as to occupy alternately the inner layer and the outer 
layer in the slot-depth direction in every sixth slot 15a, 
the second winding sub-portion 32 being inversely 
wound and offset by an electrical angle of 1 80 degrees 
relative to the first winding sub-portion 31 . In the same ss 
fashion, the third winding sub-portion 33 includes the 
strand of wire 30 wound in one turn in a wav -shape so 
as to occupy alt mately the third address and the fourth 



address in the slot-d pth direction in ev ry sixth slot 
15a. The fourth winding sub-portion 34 Includes the 
strand of wire 30 wound in one turn in a wave-shap so 
as to occupy alternately the fourth address and the third 
address in the slot-depth direction in every sixth slot 
1 5a. The fifth winding sub-portion 35 Includes the strand 
of wire 30 wound in one turn in a wave-shape so as to 
occupy alternately the fifth address and the sixth ad- 
dress in the slot-depth direction in every sixth slot 15a, 
The sixth winding sub-portion 36 includes the strand of 
wire 30 wound in one turn in a wave-shape so as to oc- 
cupy alternately the sixth address and the fifth address 
in the slot-depth direction in every sixth slot 15a. Each 
of the winding phase groups 161 is formed by connect- 
ing in parallel the first series-connected winding 162a 
including the first, third, and fifth winding sub-portions 
31 , 33. and 35 connected In series and the second se- 
ries-connected winding 162b including the second, 
fourth, and sixth winding sub-portions 32, 34, and 36 
connected in series. 

[0065] Since the stator winding 1 6 is formed only with 
wave windings, the height of the coil ends can be re- 
duced and the exposure area of the coil ends can be 
increased compared with a known technology in which 
the combination of lap windings and wave windings is 
used. 

[0066] Moreover, the size of a stator (an alternator) 
can be reduced because the height of coil ends is re- 
duced. An increased output can be obtained because 
the resistance of windings, the heat loss, the heat gen- 
eration in the stator winding 16, and the leakage reac- 
tance in the coil ends are reduced. The stator winding 
16 can be cooled efficiently due to the enlarged expo- 
sure area of the coil ends, whereby the temperature rise 
in the stator winding 1 6 can be suppressed, thereby pro- 
viding a high output of an alternator. 
[0067] The winding phase group 161 in three turns 
can be formed with six winding sub-portions, each being 
wound in a wave-shape in one turn. That is, the winding 
phase group 161 in an odd number of turns can be 
formed by using 2m+1 pairs (m represents a natural 
number) of winding sub-portions wound in a wave- 
shape. In a known alternator, when the winding phase 
group are fomied with a plurality of pairs of winding sub- 
portions, the winding phase group 161 for each phase 
in an odd number of tums cannot be formed because 
the winding phase group is constructed by connecting 
the winding sub-portions in series. According to the em- 
bodiment of the present invention, the winding phase 
group 161 for each phase in an odd number of tums can 
be realized by connecting each halved winding sub-por- 
tions In scries to form two series-connected windings 
and connecting the two series -connected windings in 
parallel. The flatness ratio of the strand of wire can be 
reduced even when the number of tums is reduced, th 
strand of wire can be formed easily. 
[0068] For example, in a stator including the stator 
winding 16 constructed with the winding phase groups 
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161 each having four turns, when a sufficient output can- 
not be obtained due to the arnnature reaction in a high 
rotation range, reduction of turns of the winding phase 
group 161 may be a countermeasure. In this case, a 
problem may occur in that a sufficient output cannot be 5 
obtained in a low rotation range due to an excessively 
reduced turns in which the winding phase groups are 
provided in units of two when the winding phase group 
in an odd number of turns is not available. Therefore, 
an advantage of the winding phase group in an odd io 
number of turns is that a problem of insufficient output 
in a high rotation range due to the armature reaction can 
be solved while maintaining the output in a low rotation 
range on a pemnissible level by reducing by one turn for 
each phase of the stator winding, and the output in a '5 
high rotation range can be increased. 
[0069] Since each of the first series -connected wind- 
ings 1 62a is composed of the first, third, and fifth winding 
sub-porlions 31 , 33, and 35, and each of the second se- 
ries-connected windings 1 62b is composed of the sec- 20 
ond, fourth, and sixth winding sub-portions 32, 34. and 
36, the first and second series-connected windings 
1 62a and 1 62b are constructed with an inner layer wind- 
ing, an intennediate layer winding and an outer layer 
winding in the radial direction of the stator, respectively. 25 
Consequently, the first and second series-connected 
windings 162a and 162b are evenly cooled by cooling 
air passing through the coil-end groups, thereby sup- 
pressing temperature rise in the stator winding. 
[0070] Since the strand of wire 30 is a continuous 30 
wire, the number of welding points is significantly re- 
duced, compared with a known technology in which a 
plurality of conductor segments are used as a strand of 
wire. Therefore, laborious welding operations can be al- 
leviated, and the efficiency in the operations can be im- 35 
proved, whereby welding quality and yield ratio are im- 
proved. 

[0071] When ends of the conductor segments are 
connected to each other in a known technology, a jig is 
used for holding the ends of the segments during weld- 
ing, whereby the height of the coil end increases at the 
side at which the welding is performed. According to the 
first embodiment, the coil ends are formed with the turn 
portions 30a of the strands of wire 30 which are contin- 
uous, whereby welding is not necessary for forming the 
coil ends, thereby reducing the height of the coil-end 
groups. 

[0072] The pairs of the wave windings form the wind- 
ing assembly 39, whereby the winding operation of the 
stator winding is simplified, thereby improving efficiency 50 
In the manufacture of the stator. The turns can be In- 
creased simply by mounting a plurality of the winding 
assemblies 39 overlapping each other on the stator 
core. When U-shaped conductor segments are mount- 
ed, the conductor segments move by the length of each 55 
slot or more in the corresponding slots b cause the con- 
ductor s gments must be inserted in the slots from an 
end of a stator core in the longitudinal direction of the 



conductor segments. On the other hand, the winding as- 
sembly 39 is inserted into the slots from, for example, 
the inner periphery of the stator core in a direction per- 
pendicular to the strands of wire, whereby the winding 
assembly 39 does not move more than the depth of each 
slot in the corresponding slots. Therefore, there is a re- 
duced risk of damages to the insulative films due to the 
friction between the strands of wire and the inner walls 
of the slots, thereby ensuring superior insulation. 
[0073] Since the metallic terminal 50 is used for con- 
nection In the winding phase group 1 61 for each phase, 
the connection operation of the windings is simplified. 
The stator winding can be formed so as to have winding 
phase groups each having three tums or those each 
having six turns by using one type of winding configura- 
tion and by modifying the metallic terminal 50. The mod- 
ification of the metallic terminal 50 is such that the con- 
nection tabs 51 a^ and 51 a2 are separated from the 
phase-a lead wire 51a and are formed integrally with 
each other, and the connection tab 52a2 is separated 
from the neutral-point lead wire 52 and Is formed Inte- 
grally with the phase-a lead wire 51a, The connection 
tabs 51 b^ and 51 b2 are separated from the phase-b lead 
wire 51 b and are formed integrally with each other, and 
the connection tab 52b2 is separated from the neutral- 
point lead wire 52 and is formed integrally with the 
phase-b lead wire 51b. The connection tabs 51c-| and 
51 C2 are separated from the phase-c lead wire 51c and 
are formed integrally with each other, and the connec- 
tion tab 52c2 is separated from the neutral-point lead 
wire 52 and Is formed integrally with the phase-c lead 
wire 51c, Consequently, the first to sixth winding sub- 
portions 31 to 36 are connected in series to fonn winding 
phase groups each having six turns. 
[0074] In the stator winding 16, the turn portions 30a 
of the strands of wire 30 are mutually spaced clrcumfer- 
entially and radially^ and arranged neatly in three rows 
circumferentially^ to fonm coil-end groups 16f and 16r, 
whereby the protrusions of the coil-end groups 16f and 
16r from the ends of the stator core 15 are reduced. 
Therefore, wind noise due to the rotation of the rotor 7 
is reduced, and the leakage reactance at the coil ends 
decreases, thereby improving the output and the effi- 
ciency. 

[0075] In the stator winding 1 6, the turn portions 30a 
of the strands of wire 30 are mutually spaced clrcumfer- 
entially and radially, and arranged neatly in three rows 
circumferentially, to form coil-end groups 1 6f and 1 6r. 
Therefore, the wind resistance against the cooling air is 
even in the circumferential direction, whereby the coil- 
end groups 1 6f and 16r are cooled evenly in the circum- 
ferential direction, thereby suppressing temperature 
rise in the stator winding 1 6. 

[0076] Cooling air is applied to the coil-end groups 1 6f 
and 16r by th fan unit 5 fix d to th axial ends of th 
rotor 7, thereby effici ntly suppressing temperature rise 
in the stator winding 16. 

[0077] Each of the first and second series-connected 
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windings 162a and 162b Is composed of three winding 
sub-portions which occupy the inn r, intemnediate, and 
outer layers, respectively. Therefore, the variations in 
resistance and inductance among the three winding as- 
semblies 39 produced In the manufactur are distribut- s 
ed evenly between the first and second series-connect- 
ed windings 1 62a and 162b, whereby the differences in 
the resistance and the inductance between the first and 
second series-connected windings 162a and 162b are 
reduced. Accordingly, for example, the flow of a part of io 
the electrical current through the first series-connected 
windings 162a into the second series-connected wind- 
ings 1 62b can be suppressed, whereby reduction of the 
output due to circulating currents flowing from the first 
series-connected windings 1 62a to the second series- is 
connected windings 162b can be suppressed. 
[0078] The siaior winding 1 6 includes two sets of the 
three-phase alternating winding 160, each Including the 
winding phase groups 1 61 for three phases connected 
into a star connection. The turn portions 30a extending 
from ninety-six slots (2 slots per pole per phase) are ar- 
ranged neatly in rows in the circumferential direction. 
The two sets of the three-phase alternating winding 1 60 
arc connected to the individual rectifiers 12. The direct 
outputs of the rectifiers 1 2 are connected in parallel and 2S 
are combined with each other. Each of the coil-end 
groups 1 6f and 1 6r is formed with three sets of the nine- 
ty-six turn portions 30a, each set arranged neatly in a 
row in the circumferential direction and forming a circle 
having a radius differing from the others. Each of the 30 
coil-end groups 16f and 1 6r including the 288 turn por- 
tions 30a is cooled efficiently, thereby suppressing tem- 
perature rise in the stator winding and providing an in- 
creased output. Since electrical current having phases 
differing by 30 degrees from each other is generated. 35 
the temperature in the coil-end groups is distributed 
more evenly than in a case of a known alternator, where- 
by temperature rise in the stator winding is suppressed, 
and an increased output is provided. Since two sets of 
rectifiers are used, the loss per one rectifying diode is '^o 
reduced by half with respect to a known technology, 
whereby the temperature in the rectifying diodes is re- 
duced, and a higher output is provided. 
[0079] By providing two sets of windings having a 
phase difference of 30 degrees from each other, har- 
monic magnetomotive force components, which cause 
magnetic noise of an alternator, can be cancelled. The 
strength of the coil-end groups is increased by disposing 
the turn portions 30a in three rows alongside in the radial 
direction, thereby further reducing the magnetic noise. so 

Second Embodiment 

[0080] According to a second embodiment of the 
present invention, substantially U-shaped conductor 55 
segments are used instead of the continuous wire used 
in the first embodiment described above. 
[0081] Fig. 10 is a perspective view showing the dis- 



position of strands of wire 40 forming a stator winding 
used in an automotive alternator according to the sec- 
ond embodiment. Fig. 11 is a perspective view of a stator 
of the automotive alternator according to the second 
embodiment. In Fig. 1 1 , lead wires and the like are omit- 
ted. 

[0082] A short copper wire having a rectangular sec- 
tion coated with an insulative film 49 is used as a strand 
of wire 40, which includes a pair of straight portions 40b 
as in-slot-received portions connected by a V-shaped 
turn portion 40a so as to be formed substantially in a U- 
shape. 

[0083] Three strands of wires 40 are inserted in two 
slots 1 5a six slots apart (at a magnetic pole pitch) at the 
two ends of each strand of wire 40, respectively, from 
an axial end of a stator core 1 5. The strands of wire 40 
are bent at the ends thereof protruding from the other 
axial end of the stator core 15 so that the ends of each 
strand of wire 40 separate from each other. In this case, 
one of the three strands of wire 40 Is inserted at one end 
thereof in the first address of one of the two slots 1 5a (a 
first slot 15a) and at the other end of the strand of wire 
40 in the second address of the other one of the two 
slots 1 5a (a second slot 15a). Another strand of wire 40 
is inserted at one end thereof in the third address of the 
first slot 15a and at the other end of the strand of wire 
40 in the fourth address of the second slot 15a. The re- 
maining strand of wire 40 is inserted at one end thereof 
in the fifth address of the first slot 15a and at the other 
end of the strand of wire 40 in the sixth address of the 
second slot 15a. In the same manner, other sets of the 
three strands of wire 40 are inserted in every slot 1 5a at 
the magnetic pole pitch so that six straight portions 40b 
of the strands of wire 40 are disposed alongside each 
other in the radial direction in each slot 15a. 
[0084] The strands of wire 40 are connected to each 
other at an end 40c of each strand of wire 40 protruding 
from the first address of the slot 15a with the end 40c of 
each of the other strand of wires 40 protruding from the 
second address of the slot 15a separated from the 
former slot 15a with five slots therebetween, whereby 
two wave windings, each in one turn, are obtained. 
These two wave windings correspond to the first and 
second winding sub-portions 31 and 32. 
[0085] The strands of wire 40 are connected to each 
other at the end 40c of each strand of wire 40 protruding 
from the third address of the slot 15a vyith the end 40c 
of each of the other strands of wire 40 protruding from 
the fourth address of the slot 15a separated from the 
former slot 15a with five slots therebetween, whereby 
two wave windings, each in one turn, are obtained. 
These two wave windings correspond to the third and 
fourth winding sub-portions 33 and 34. 
[0086] The strands of wire 40 are connected to each 
other at the end 40c of each strand of wir 40 protruding 
from the fifth address of the slot 1 5a with the end 40c of 
each of the other strands of wire 40 protruding from the 
sixth address of th slot 15a separated from the fomner 
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slot 1 5a with five slots therebetween, whereby two wave 
windings, each in one turn, are obtained. These two 
wave windings correspond to the fifth and sixth winding 
sub-portions 35 and 36. 

[0087] With this arrangement, a stator 8a shown in 
Fig. 11 is obtained, which is formed with a stator winding 
16A including the wave windings, each in one turn, 
mounted on the stator core 1 5. 

[0088] Three of the six wave windings thus formed, 
each in one turn, are connected in series, and the re- 
maining three wave windings are also connected in se- 
ries on the basis of the connection method shown in Fig. 
4. Then, two sets of the wave windings connected in se- 
ries are connected to each other in parallel, thereby 
forming a winding phase group in three turns. 
[0089] Thus according to the second embodiment, 
the same effect as in the first embodiment can be ob- 
tained. 

[0090] Since one type of substantially U-shaped con- 
ductor segments is used as the strand of wire 40, ac- 
cording to the second embodiment, for forming the wave 
windings, the productivity is improved with respect to the 
known technology in which three types of conductor 
segments arc used. 

[0091] A coil-end group is formed with the tum por- 
tions 40a lined up in a row in the radial direction of the 
stator core 15, whereby the protrusion of the coil-end 
group can be reduced, and the exposure area increas- 
es, compared with the known technology in which the 
turn portions 31 1 a. 31 2a, and 31 3a forming the coil-end 
group stack up in three layers in the axial direction of 
the stator core. Therefore, the size of an alternator can 
be reduced, and an increased output can be obtained 
of the alternator. 

Third Embodiment 

[0092] According to a third embodiment, a continuous 
copper wire having a circular cross-section coated with 
an insulating film 49 is used as a strand of wire 45. The 
strand of wire 45. as shown in Fig. 1 2, is formed by bend- 
ing it into a planar pattern in which straight portions 45b 
served as in-slot-received portions connected by turn 
portions 45a are lined up at a pitch of six slots (6p). Ad- 
jac nt straight portions 45b are offset alternately by a 
distance equal to one width (w) of the strands of wire 45 
by means of the turn portions 45a. The other configura- 
tion of the wire 45 is the same as that of the wire 30 
described in the first embodiment. 
[0093] Since the strand of wire 45 has a circular cross- 
section, according to the third embodiment, bending op- 
erations can be performed more easily than that of the 
strand of wire 30 which has a rectangular cross-section. 
The turn portions 45a (coil-end portion) can be easily 
formed, whereby a winding assembly 39 can be easily 
manufactured. When cut ends of first to sixth winding 
sub-portions 31 to 36 are w Ided to connection tabs of 
a metallic terminal 50, the operation of bending the cut 



ends of the first to sixth winding sub-portions 31 to 36 
and positioning them on the connection tabs is easily 
performed, whereby the welding can be easily per- 
formed. 

5 [0094] When the strand of wire 30 having a rectangu- 
lar cross-section is used, there is a risk of damaging the 
insulating film 49 due to the edge of the strand of wire 
30 during the fomaing of the winding assembly 39 and 
the mounting thereof on the stator core 15. However, 

10 according to the third embodiment, since the strand of 
wire 45 has a circular cross-section, the damage to the 
insulating film 49 due to the interference between the 
strands of wire can be suppressed, thereby improving 
insulation reliability. 

15 [0095] Although according to the third embodiment, 
the strand of wire 30 used in the first embodiment is re- 
placed by a continuous copper wire having a circular 
cross-section, the strand of wire 40 according to the sec- 
ond embodiment may be replaced by conductor seg- 

20 ments having a circular cross-section. 

Fourth Embodiment 

[0096] According to a fourth embodiment^ a winding 
25 assembly 39 includes turn portions 30a disposed in 
three rows around the periphery of the stator core, of 
which the protrusion in the axial direction is reduced 
gradually toward the outside in the radial directions of 
the stator core, as shown in Fig. 13. The other configu- 
30 ration is the same as that which Is described in the first 
embodiment. 

[0097] According to the first embodiment, the tum por- 
tions 30a included in the winding assembly 39 are dis- 
posed in three rows around the periphery of the stator 

35 core, the protrusion of each row in the axial direction is 
the same as that of the other rows. Therefore, the re- 
sistances of the first to sixth winding sub-portions 31 to 
36 are substantially the same as each other, whereby 
the generated heat is substantially the same between 

40 each winding sub-portion. The first to sixth winding sub- 
portions 31 to 36 are more likely to be cooled by cooling 
air at the inner part. Therefore, the temperature is more 
likely to increase at the outer side of stator winding 16, 
whereby the stator winding 16 cannot be cooled effi- 

45 ciently. 

[0098] According to the fourth embodiment, the wind- 
ing assembly 39 includes the tum portions 30a disposed 
in three rows around the periphery of the stator core, of 
which the protrusion in the axial direction is reduced 

50 gradually toward the outside In the radial directions of 
the stator core. Therefore, the resistance of the first to 
sixth winding sub-portions 31 to 36 is lower toward the 
outside in the radial directions, and the generated heat 
increases toward the inside in the radial directions. The 

55 windings h ated up more, which are disposed at the in- 
ner side, can be more cooled, whereby the temperature 
is ev nly distributed in the radial directions of the stator 
winding 16. thereby cooling the stator winding 16 effi- 
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ciently. 

Fifth Embodiment 

[0099] According to a fifth embodiment, as shown in 
Fig. 14. the protrusion of turn portions 40a of strands of 
wire 40 and the protrusion of connected parts of open 
ends 40c of the strands of wire 40 respectively in the 
axial direction are reduced gradually toward the outside 
in the radial directions. The turn portions 40a and the 
connected parts of the open ends 40c are disposed re- 
spcclively in three rows in the circumferential direction. 
The other conliguratron is the same as that which is de- 
scribed in the second embodiment. 
[0100] In the litlh embodiment, since the protrusion of 
the turn portions 40a and the protrusion of the connect- 
ed pans of the open ends 40a are reduced gradually 
toward the outside in the radial directions, the same ef- 
fect can be obtained as that in the fourth embodiment. 

Sixth Embodiment 

[0101] According to a sixth embodiment, as shown in 
Fig. 15, an insulating resin 38 is disposed at the top of 
winding assemblies 39 disposed in three rows around 
the periphery of a stator core. The other configuration is 
the same as that which is described in the first embod- 
iment. 

[0102] According to the sixth embodiment, first series- 
connected windings 162a including first, third, and fifth 
winding sub-portions 31 , 33, and 35 and second series- 
connected windings 162b including second, fourth, and 
sixth winding sub-portions 32, 34, and 36 are connected 
to each other via the insulating resin 38. The heat gen- 
erated in the first and second series-connected wind- 
ings 1 62a and 1 62b is transmitted to each other via the 
insulating resin 38, whereby the temperatures in the first 
and second series-connected windings 1 62a and 1 62b 
become substantially the same. Therefore, the temper- 
ature in coil-end groups 1 6f and 1 6r of a stator winding 
is evenly distributed. 

[0103] The insulating resin 38 is disposed at the top 
of each of the coil-end groups 16f and 16r, thereby en- 
suring paths for cooling air flowing through the coil-end 
groups 1 6f and 1 6r and ensuring the cooling by the cool- 
ing air. 

Seventh Embodiment 

[01 04] According to a seventh embodiment, as shown 
in Fig. 16. conductor segments 71. 72, and 73 having 
substantially a U-shapo coated with an insulating film 
49 are used as strands of wire. Each of the conductor 
segments 71 , 72, and 73 is inserted, at the ends thereof 
in a slot and in another slot of a stator core separated 
with five slots therebetween, from an axial end of the 
stator core, and the ends of the conductor seghnents 71 , 
72. and 73 extending from the other end of the same 



slots are connected to each other by welding or the like, 
thereby forming a coil of windings in four turns around 
the stator core. 

[0105] At the other axial end of the stator core, an end 

5 73c of the conductor segment 73 extending from the 
third address of a slot is connected to an end 73c of the 
other conductor segment 73 extending from the fourth 
address of another slot separated with five slots there- 
between, thereby forming two wave windings 61 and 63 , 

10 each in one turn per slot. An end 71c of the conductor 
segment 71 extending from the first address of a slot is 
connected to an end 72c of the conductor segment 72 
extending from the second address of another slot sep- 
arated with five slots therebetween, and the other end 

'5 72c of the conductor segment 72 extending from the fifth 
address of a slot is connected to the other end 71c of 
the conductor segment 71 extending from the sixth ad- 
dress of another slot separated with five slots therebe- 
tween, thereby forming two lap windings 62 and 64, 

20 each in two turns per slot. 

[01 06] Two sets of straight portions 71 a, 72a, and 73a 
as in -slot- received portions of the conductor segments 
71, 72, and 73, respectively, are disposed alongside 
each other in each slot. In Fig. 17, turn portions 72b of 

25 the conductor segments 72 cover turn portions 73b of 
the conductor segments 73, and turn portions 71b of the 
conductor segments 71 cover the turn portions 72b of 
the conductor segments 72, at an axial end of the stator 
core. The turn portions 71b, 72b, and 73b are stacked 

30 up in three layers in the axial direction and arranged 
neatly in the circumferential direction so as to form a 
coil-end group. At the other end of the stator core, con- 
nected parts between the ends 71c and 72c, the ends 
73c and 73c, and the ends 72c and 71c, respectively, 

3s are disposed in a line in the radial direction, as shown 
in Fig. 17. The connected parts of the ends 71c, 72c. 
and 73c are arranged neatly in three rows in the circum- 
ferential direction. Thus, the other coil-end group is 
formed. 

40 [0107] As shown in Fig. 18, windings 163a in three 
turns are formed by connecting in series the wave wind- 
ings 61 and the tap windings 62, and windings 163b in 
three turns are fomned by connecting in series the wave 
windings 63 and the lap windings 64. The winding phase 

45 group 161 for each phase is formed by connecting in 
parallel the winding 1 63a in three turns and the winding 
163b in three turns. Three sets of the winding phase 
group 161 for each phase are connected into an alter- 
nating connection, thereby forming a three-phase alter- 

50 nating winding 160. Two sets of the three-phase alter- 
nating winding 160 are connected individually to rectifi- 
ers 12. The direct current outputs of the rectifiers 12 are 
combined with each other by being connected in paral- 
lel. 

55 [0108] According to the s venth embodiment, the 
conductor segments 71 , 72, and 73 having a circular 
cross-section ar used as strands of wire. Th refore,the 
conductor segments are form d easily compared with 
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the strands of wire having a rectangular cross-section. 
With this arrangement, the turn portions 71b. 72b. and 
73b (coil-end portion) can be easily fonn d, whereby the 
conductor segments 71 , 72, and 73 can be easily man- 
ufactured. Moreover, the conductor segments 71 , 72, 5 
and 73 are easily bent at the ends thereof, whereby the 
conductor segments 71 , 72, and 73 can be easily bent 
so as to position the ends 71 c, 72c, and 73c, when weld- 
ing the ends 71 c, 72c, and 73c with each other and with 
a metallic temninal 50, and the welding operation can be io 
perfonmed efficiently. 

[0109] When using a strand of wire having a rectan- 
gular cross-section, there is a risk of damaging the in- 
sulating film 49 due to the edge of the strand of wire. 
However, according to the seventh embodinnent, the is 
damage to the insulating film 49 due to the interference 
between the strands of wire can be avoided because 
the cross-section of the strand of wire is circular, thereby 
improving the insulation reliability. 

[0110] The turn portions 71b, 72b, and 73b forming 20 
the coil-end group are stacked up in three layers in the 
axial direction, and are disposed substantially evenly in 
the circumferential direction, whereby the wind resist- 
ance against cooling air at the coil-end groups is even 
in the circumferential direction, thereby cooling the coil- 25 
end group evenly in the circumferential direction and 
suppressing temperature rise in the stator winding. 
[0111] According to the seventh embodiment, two 
sets of the straight portions 71 a, 72a, and 73a. that is, 
six straight portions of the conductor segments 71 . 72, 30 
and 73, respectively, are disposed alongside each other 
in each slot in the slot-depth direction. Two sets of wind- 
ings 1 63a and 1 63b in three turns are formed in a man- 
ner such that each set is fonmed by connecting the ends 
71c, 72c, and 73c of the conductor segments 71 , 72, 35 
and 73 disposed in pairs of slots six slots apart occupy- 
ing addresses differing in the slot-depth direction from 
each other. The winding phase group 161 for each 
phase is formed by connecting in parallel the windings 
1 63a and 1 63b in three turns. Three sets of the winding 40 
phase group 161 are connected into an alternating con- 
nection (star connection), thereby fomning a three- 
phase alternating winding 160. Two sets of the three- 
phase alternating winding 1 60 are connected individu- 
ally to rectifiers 12. The alternating current outputs from ^s 
the two sets of the three-phase alternating winding 1 60 
are rectified individually by the rectifiers 12, and are out- 
putted by being combined with each other. 
[01 1 2] The tum portions 71b, 72b, and 73b protruding 
from ninety-six slots (two slots per pole per phase) are so 
stacked up in three layers in the axial direction and ar- 
ranged neatly in the circumferential direction, thereby 
forming a coil-end group at an axial end of the stator 
core. At the other axial end of the stator core, the con- 
nected parts of the ends 71c, 72c, and 73c of the con- 55 
ductor segments 71, 72, and 73 protruding from the 
ninety-six slots are lined up in a row in the radial dir c- 
tion and arranged neatly in three rows in the circumfer- 



ential direction, thereby forming the other coil-end 
group. The coil-end groups formed with 288 units of the 
bent portions 71b, 72b, and 73b and the connected parts 
of the ends 71c, 72c. and 73c are efficiently cooled, 
whereby temperature rise in the stator winding can be 
suppressed and a high output can be obtained. The tem- 
perature in the coil-end groups is distributed evenly 
compared with a known technology because two sets 
of electrical currents offset by 30 degrees from each oth- 
er are generated, thereby suppressing temperature rise 
in the stator winding and providing an increased output. 
The loss per one rectifying diode is reduced by half com- 
pared with a known technology because two sets of rec- 
tifiers are used, whereby the temperature in the rectify- 
ing diodes is reduced and a high output is obtained. 
[0113] By providing two sets of windings having a 
phase difference of 30 degrees from each other, har- 
monic magnetomotive force components, which cause 
magnetic noise of an alternator, can be cancelled. The 
strength of the coil-end groups is increased by disposing 
the turn portions 71b, 72b, and 73b in three layers, 
thereby further reducing the magnetic noise. 
[0114] Although according to the seventh embodi- 
ment, the windings for each phase of the stator winding 
are fonmed by connecting in parallel windings connected 
the lap winding and the wave winding in series, the con- 
figuration of windings is not limited to that which is de- 
scribed in the embodiment. 

[0115] Although according to the embodiments de- 
scribed above, the strand of wire is made of copper, the 
strand of wire is not limited to a copper wire, and it may 
be made of aluminum. 

[0116] Although according to the embodiments de- 
scribed above, the windings are used in the stator wind- 
ing for an automotive alternator, the dynamo-electric 
machine according to the present invention may be an 
alternator for other uses or an electric motor. 
[01 17] Although a stator as an amnature is used in the 
above embodiments, it may be a rotor serving as an ar- 
mature. 

[0118] With the above-described arrangement, the 
following advantages are offered, 
[01 19] According to the present invention, a dynamo- 
electric machine comprises: 

an armature Including an armature core provided 
with a plurality of slots extending in an axial direction 
of the amiature core and disposed alongside each 
other in a circumferential direction of the armature 
core, and an armature winding mounted in the slots 
provided on the armature core, 
wherein the amnature winding comprises first wave- 
shaped windings and second wave-shaped wind- 
ings, the first wave-shaped windings -comprising a 
number of first winding sub-portions each having 
one turn constructed by winding in a wave-shape a 
strand of wire so as to altemating occupy an inner 
layer and an outer layer in a slot-depth direction 
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within the slots at intervals of a predetermined 
number of slots, the first winding sub-portions being 
disposed at a pitch of one slot from each other and 
being equal in numberto the predetermined number 
of slots, and the second wave-shaped windings 
comprising a number of second winding sub-por- 
tions each having one turn constructed by winding 
in a wave-shape a strand of wire so as to alternating 
occupy an inner layer and an outer layer in a slot- 
depth direction within the slots at intervals of the 
predetermined number of slots and so as to be in- 
versely wound and offset by an electrical angle of 
1 80 degree relative to the first winding sub-portions, 
the second winding sub-portions being disposed at 
a pitch of one slot from each other and being equal 
In number to the predetennined number of slots, 
whereby n-pairs (n represents a natural number) of 
the first wave-shaped windings and the second 
wave-shaped windings are disposed so as to ar- 
range alternately and in a row in-slot-received por- 
tions of the first winding sub-portions and in-slot- 
received portions of the second winding sub-por- 
tions in the slot-depth direction within each of the 
slots; and 

wherein the armature winding includes winding 
phase groups for each phase, each of the winding 
phase groups comprising 2n windings composed of 
the first and second winding sub-portions disposed 
in a group of slots at intervals of the predetermined 
number of the slots , two sets of the n windings being 
connected in series to form two series-connected 
windings each having n-tums, whereby the winding 
phase group is constructed by connecting the two 
series-connected windings in parallel. With this ar- 
rangement, the protrusion of coil-end portions of the 
armature core is reduced, the resistance of the 
windings decreases, and the exposure area of the 
coil-end groups increases, whereby a high-output 
dynamo-electric machine reduced in size can be 
obtained. Parailei-connected windings can be ob- 
tained without significantly increasing the flatness 
ratio of the strands of wire. 

(01 20] The two series-connected windings may com- 
pris first series-connected winding having n-turns 
formed by connecting in series the first winding sub-por- 
tions disposed in the group of slots and second series- 
connected winding having n-turns formed by connecting 
in series the second winding sub-portions disposed in 
the same group of slots as the group of the slots in which 
the first winding sub-portions are disposed. With this ar- 
rangement, the first and second series-connected wind- 
ings can be cooled in a well-balanced manner, thereby 
improving efficiency in cooling of the armature winding. 
[0121] In the dynamo-electric machine according to 
the present invention, an xpression n=2m+1 (m repre- 
sents a natural number) may be satisfied. With this ar- 
rangement, the output in a high-rotation range is im- 



proved by reducing the armature r action while main- 
taining the output in a low-rotation range. 
[0122] The strand of wir may be a substantially U- 
shaped conductor segment, and each of the first wind- 

5 ing sub-portion and the second winding sub-portion may 
include a plurality of the conductor segments forming a 
wave winding in one turn connected to each other at the 
open ends thereof. With this arrangement, the protru- 
sion of the coil-end groups is reduced, the exposure ar- 

10 ea of the coil ends increases, and the high output and 
the reduction in size are possible. Since conductor seg- 
ments differing in size are not necessary, the productiv- 
ity can be improved. 

[0123] The strand of wire may be a continuous con- 

15 ductive wire, and each of the first winding sub-portion 
and the second winding sub-portion may include a sin- 
gle continuous conductive wire forming a wave winding 
in one turn. With this arrangement, connecting points 
are significantly reduced, thereby improving productivity 

20 and yield ratio. The protrusion of the coil-end groups is 
reduced. The exposure area of the coil ends increases. 
The high output and the reduction in size are possible. 
[01 24] Each pair of the first wave-shaped windings 
and the second wave-shaped windings may be formed 

25 with individual wire assemblies including a plurality of 
the first winding sub-portions and a plurality of the sec- 
ond winding sub-portions. With this arrangement, dam- 
ages to insulating films are suppressed during mounting 
of the windings on the armature core, thereby improving 

30 insulation reliability and facilitating the increase of turns, 
[01 25] The strand of wire may be a conductor having 
a substantially circular cross-section. With this arrange- 
ment, the strand of wire can be easily formed, and dam- 
ages to the insulating films due to the interference be- 

35 tween each strand of wire can be suppressed. 

[0126] The two series-connected windings for each 
phase forming the armature winding may be connected 
to each other via a metallic terminal, thereby facilitating 
connection operation. 

[0127] The armature core may be a cylindrical stator 
core made of a laminated iron core, further the dynamo- 
electric machine may comprise a rotor forming N and S 
poles along the rotational periphery thereof, the rotor be- 
ing disposed at an inside of and coaxially with the stator 

^5 core, and a fan unit fixed to the rotor at the axial ends 
thereof for applying cooling air to coil-end groups of the 
armature winding by the rotation of the fan unit, thereby 
improving the efficiency in cooling of the stator winding. 
[0128] The n-pairs of the first wave-shaped windings 

50 and the second wave-shaped windings may include pro- 
trusions thereof from the axial ends of the stator core 
decreasing gradually toward the outside in the radial di- 
rections of the stator core, whereby the temperature in 
the stator winding is distributed evenly in the radial di- 

55 rections. 

[01 29] According to the present invention another dy- 
namo-electric machine is provid d which comprises: 
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an armature including an armature core provided 
with a plurality of slots extending in an axial direction 
of the armature core and disposed alongside each 
other In a circumferential direction of the armature 
core, and armature winding mounted In the slots 
provided on the armature core, 
wherein two slots per pole per phase are formed in 
the armature core; 

wherein the armature winding comprises two alter- 
nating windings, each fonmed by connecting wind- 
ing phase groups for each phase into a alternating 
connection; 

wherein each of the winding phase groups for each 
phases is formed by connecting in parallel two wind- 
ings each having n-turns { n represents a natural 
number), the windings being constructed by wind- 
ing a strand of wire in the armature core so as to 
dispose 2n in-siot-received portions of the strand of 
wire within each of the slots alongside each other 
in the slot-depth direction and so as to connect each 
in-slot-received portion in a first slots to other in- 
slot-received portions occupying addresses, in the 
slots individually separated from the first slot by a 
prcdctcmriincd number of slots, differing in the slot- 
depth direction from that which is occupied by the 
in-slot-received portion in the first slot, at the outside 
of the slots; and 

wherein the individual alternating current outputs 
from the two alternating windings are rectified by 
first and second rectifiers, respectively, and output- 
ted by being combined with each other. With this 
arrangement, a high-output dynamo-electric ma- 
chine can be realized. 

[0130] N-rows of coil ends, each coil end being 
formed by connecting the in-slot-received portion in the 
first slots to the other in-slot-received portion occupying 
addresses, in the slots individually separated from the 
first slot by the predetermined number of slots, differing 
in the slot-depth direction from that which is occupied 
by the in-slot-received portion in the first slot, may be 
formed at at least one of the axial ends of the armature 
core, and the protrusion, in the axial direction, of the n- 
rows of the coil ends may be decreases gradually to- 
ward the outside in the radial directioa of the armature 
core, whereby the temperature in the anmature windings 
is distributed evenly in the radial directions. 
[0131] N-rows of coil ends, each coil end being 
fonmed by connecting the in-slot-received portion in the 
first slots to the other in-slot-received portion occupying 
addresses, in the slots individually separated from the 
first slot by the predetermined number of slots, differing 
in the slot-depth direction from that which is occupied 
by the in-slot-received portion in the first slot, may be 
formed at at least one of the axial ends of the armature 
core, and the coil ends in the n-rows may be acranged 
substantially evenly in the circumferential direction of 
the armature core. With this arrangement, the wind re- 



sistance against cooling air to the coil-end groups be- 
comes even in the radial directions, thereby cooling the 
coil-end groups evenly in the radial directions and sup- 
pressing temperature rise In the armature winding. 
5 [0132] Coil ends, each being formed by conn cting 
the in-siot-received portion in the first slots to the other 
in-slot-received portion occupying addresses, in the 
slots individually separated from the first slot by the pre- 
detemnined number of slots, differing in the slot-depth 
10 direction from that which is occupied by the in-slot-re- 
ceived portion in the first slot, may be stacked up in n- 
layers in the axial direction of the armature core at at 
least one of the axial ends of the amiature core, and the 
coil ends in the n-layers may be arranged substantially 
'5 evenly in the circumferential direction of the annature 
core. With this arrangement, the wind resistance against 
cooling air to the coil-end groups becomes even in the 
radial directions, thereby cooling the coil-end groups 
evenly in the radial directions and suppressing temper- 
20 ature rise in the armature windings. 

[0133] Each strand of wire may be formed with sub- 
stantially U-shaped conductor segments, whereby the 
resistance of the windings is reduced, and the coil-end 
groups can be disposed in order and be highly concen- 
ts trated. 

[01 34] Each strand of wire may be formed with a con- 
tinuous conductive wire, whereby connecting points can 
be significantly reduced, and the productivity and yield 
ratio are improved. 

30 [01 35] An insulating resin may be disposed at at least 
one of the axial ends of the anmature core and between 
the two windings each having n-tums forming the wind- 
ing phase groups for each phase. With this arrange- 
ment, the difference in temperature between the pair of 

55 the windings in n-turns is reduced, and the temperature 
is distributed evenly in the armature winding. 
[0136] The foregoing description of the prefenred em- 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 

40 be exhaustive or to limit the invention to the precise from 
disclosed, and modifications and variations are possible 
in light of the above teachings or may be acquired from 
practice of the invention. The embodiments ware cho- 
sen and described in order to explain the principles of 

4s the invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
bodiments and with various modifications as are suited 
to the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims append- 

50 ed hereto, and thier equivalents. 



Claims 

55 1 . A dynamo-electric machine comprising: 

an annature (8,8A) including an armatureoore 
(15) provided with a plurality of slots (15a) ex- 
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tending in an axial direction of the anmature 
core (1 5) and disposed alongside each other In 
a circumferential direction of the armature core 
(1 5), and an armature winding (1 6,1 6A) mount- 
ed in the slots (15a) provided on the armature 5 
core (15), 

wherein the annature winding {16,16A) com- 
prises first wave-shaped windings and second 
wave-shaped windings, the first wave-shaped 
windings comprising a number of first winding io 
sub-portions (31,33,35) each having one turn 
constructed by winding in a wave-shape a 
strand of wire (30,40,45) so as to alternating oc- 
cupy an inner layer and an outer layer in a slot- 
depth direction within the slots at intervals of a is 
predetermined number of slots, the first winding 
sub-portions being disposed at a pitch of one 
slot from each other and being equal in number 
to the predetermined number of slots, and the 
second wave-shaped windings comprising a 20 
number of second winding sub-portions 
(32,34,36) each having one turn constructed by 
winding in a wave-shape a strand of wire 
(30,40,45) so as to alternating occupy an inner 
layer and an outer layer in a slot-depth direction 2S 
within the slots at intervals of the predeter- 
mined number of slots and so as to be Inversely 
wound and offset by an electrical angle of 1 80 
degree relative to the first winding sub-portions 
(31,33,35), the second winding sub-portions so 
being disposed at a pitch of one slot from each 
other and being equal in number to the prede- 
temnined number of slots, whereby n-pairs (n 
represents a natural number) of the first wave- 
shaped windings and the second wave-shaped 35 
windings are disposed so as to arrange alter- 
nately and in a row in-slot-received portions 
(30b,40b,45b) of the first winding sub-portions 

(31.33.35) and in-slot-received portions (30b, 
40b,45b) of the second winding sub-portions 40 

(32.34.36) in the slot-depth direction within 
each of the slots; and 

wherein the annature winding (16,16A) in- 
cludes winding phase groups (161) for each 
phase, each of the winding phase groups (161) 
comprising 2n windings composed of the first 
and second winding sub-portions (31 -36) dis- 
posed in a group of slots at intervals of the pre- 
determined number of the slots, two sets of the 
n windings being connected in series to forni so 
two series-connected windings (162a, 162b) 
each having n-turns, whereby the winding 
phase group (1 61 ) is constructed by connecting 
' the two series-connected windings (162a, 
162b) in parallel. ss 

2. The dynamo-electric machine according to Claim 1 , 
wherein the two series -connected windings (162a, 



162b) comprise first series-connected winding 
(162a) having n-tums fomried by connecting in se- 
ries the first winding sub-portions (31,33,35) dis- 
posed in the group of slots and second series-con- 
nected winding (162b) having n-turns formed by 
connecting in series the second winding sub-por- 
tions (32,34,36) disposed in the same group of slots 
as the group of the slots in which the first winding 
sub-portions are disposed. 

3. The dynamo-electric machine according to one of 
Claims 1 and 2, wherein an expression n=2m+1 (m 
represents a natural number) is satisfied. 

4. The dynamo-electric machine according to one of 
Claims 1 to 3, wherein the strand of wire (40) is a 
substantially U-shaped conductor segment, and 
each of the first winding sub-portion <31 ,33,35) and 
the second winding sub-poHion (32,34,36) includes 
a plurality of the conductor segments (40) forming 
a wave winding in one tum connected to each other 
at the open ends thereof. 

5. The dynamo-electric machine according to one of 
Claims 1 to 3, wherein the strand of wire (30.45) is 
a continuous conductive wire, and each of the first 
winding sub-portion (31 ,33,35) and the second 
winding sub-portion (32.34,36) includes a single 
continuous conductive wire (30,45) forming a wave 
winding in one tum. 

6. The dynamo-electric machine according to Claim 5, 
wherein each pair of the first wave-shaped windings 
and the second wave-shaped windings is formed 
with individual wire assemblies (39) including a plu- 
rality of the first winding sub-portions (31 ,33,35) and 
a plurality of the second winding sub-portions 
(32,34,36). 

7. The dynamo-electric machine according to one of 
Claims 1 to 6, wherein the strand of wire (45) is a 
conductor having a substantially circular cross-sec- 
tion. 

8. The dynamo-electric machine according to one of 
Claims 1 to 7, wherein the two series-connected 
windings (162a, 162b) for each phase fomning the 
amnature winding (16,16A) are connected to each 
other via a metallic temriinal (50). 

9. The dynamo-electric machine according to one of 
Claims 1 to 8, wherein the armature core is a cylin- 
drical stator core (15) made of a laminated iron core, 
further comprising a rotor (7) forming N and S poles 
along the rotational periphery thereof, the rotor (7) 
being disposed at an tnsid of and coaxially with the 
stator core (15), and a fan unit (5) fixed to the rotor 
at the axial ends thereof for applying cooling air to 
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coil-end groups (16f.16r) of the armature winding 
(16.16A) by the rotation of the fan unit (5). 

10. The dynamo-electric machine according to Claim 9. 
wherein the n-pairs of the first wave-shaped wind- s 
ings (31 ,33,35) and the second wave-shaped wind- 
ings (32,34,36) include protrusions thereof from the 
axial ends of the statorcore (15) decreasing grad- 
ually toward the outside in the radial directions of 
the stator core (1 5). w 
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FIG. I 
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